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The postulate that keratinous protein in
psoriatic epidermis is abnormal has been the
subject of much discussion (1, 2). At present,
there is no direct evidence that the disturbed
keratinization in psoriasis results in the syn-
thesis of an abnormal protein. Current knowl-
edge indicates that in psoriasis there is an
eightfold acceleration of the keratinization
process over that found in normal epidermis
(3). Whether the faulty fibrillar aggregation
(4—7) found in psoriasis is secondary to this
acceleration in keratinization or to the synthesis
of an abnormal protein is not known.
Present technology permits analysis for a
single amino acid difference between two pro-
teins. Ingram (8) in his classical studies with
normal and sickle cell hemoglobin, showed that
these proteins differed by a single amino acid
substitution, a difference possibly due to a single
mutation. Others (9—11) have also indicated
that a mutation may result in a single residue
substitution in a protein.
The present study compares the amino acid
composition of epidermal proteins from psoriasis
with that of proteins from normal epidermis.
MATERIALS AND METHODS
Whole normal epidermis and specimens of
pathological stratum corneum were collected as
described previously (12). Normal epidermis (Np)
was pooled from surgical specimens of skin from
the abdomen and from abdominal skin of autopsy
specimens twelve hours or less post mortem. The
specimens were stored at 20° C.; when needed
they were thawed and the epidermis separated
from the corium by the stretch method (13). The
pooled epidermis was lyophilized, lipid extracted in
ether, ground in a Wiley Mill fitted with a 60
mesh screen and stored in a desiccator until used.
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Scales of psoriasis were mechanically scraped
from the skin of patients as well as collected from
the patients' beds and were processed similarly to
the specimens of epidermis. Psoriasis samples §1
and 2 represent the scales collected from indi-
vidual psoriatic patients (P1 and F2).
The tissues were processed as described previ-
ously (3), and as summarized in Figure 1. All
fractions precipitable at pH 5.5, 5.0 and 4.5 were
reprecipitated at their respective pH's a second
time, resolubilized in 0.1 M (NH4)2C03, dialyzed
free of salt and then lyophilized to dryness. The
protein samples were stored in a desiccator (over
Drierite) before weighing. A weighed aliquot was
heated at 110° for 24 hours to determine the sample
moisture. All samples were weighed on a Cahn
electrobalance. Three to five milligrams of protein
were suspended in 1 ml of 20% HC1 in ampoules
and the suspension degassed by alternate freezing
and thawing three times prior to sealing of the
ampoule. The protein in the sealed ampoule was
hydrolyzed at 110° for 24 and 72 hours respectively.
The hydrochloric acid was removed in vacuo and
the residue, after washing once with water, was
again dried in vacuo.
Amino acid analysis was performed with the
Beckman Spinco Model 120 Automatic Amino
Acid Analyser by the method of Spackman, Moore
and Stein (14). Data obtained from duplicate sam-
ples hydrolyzed for 24 and 72 hours provided in-
formation on serine and threonine destruction dur-
ing hydrolysis. A correction of 6% for serine and
3% for threonine for a 24 hour hydrolysis was
found appropriate to establish the values of these
amino acids at zero time.
RESULTS
The results tabulated relate the experimental
data as to: 1) agreement between duplicate or
quadruplicate analysis of a single sample, 2)
comparison of different pH fractions obtained
from a single tissue, and 3) comparison of simi-
lar pH fractions of different tissues.
The agreement between duplicate or quad-
ruplicate analysis of normal pooled epidermis
(Np), psoriatic scale from patient number one
(P1) and psoriatic scale from patient number
two (P2) are in most cases excellent. This is
evident in Table I where the means for these
analyses and the estimated standard deviation
of a single measurement are given for each
amino acid.
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Normal epidermis and psoriasis scale defatted,
60 mesh. 500 mg suspended in 20 ml. 0.1 M
phosphate buffer, pH 7.3. Placed inside
dialysis sac. Dialyzed at 0°C against 200
ml of buffer with magnetic stirring. Buffer
changed at 3 19 and 22 hours.
—
Dialyzed Material Dialysis Sac Contents
(amino acids, peptides, etc.)
3000 RPM
SAC RESIDUE
Dialyzed against H20. Suspended
in 40 ml. 0.05 M NaOH (0.8 ml
per 10 mg orig. weight). Shaken
for 20 hours at 38° under nitrogen
gas.
3000 RPM
Fraction A Residue A
20,000 X G
Black residue Fraction A'
3000 RPM
Fraction A Supernatant A 1
(5.5)
3000 RPM
Fraction A 2 Supernatant A 2
(5.0)
3000 RPM
Fraction A Supernatant A
(4.5)
All centrifugation at 2°.
* Dialyzed against 0.01 M phosphate buffer, decreasing pH by 0.5 pH units.
** All fractions redissolved in 0.1 M (NH42C03
, reprecipitated at appropriate pH's, dialyzed free of
salt, and lyophilized to dryness.
FIG. 1. Procedure for obtaining epidermal protein fractions from normal epidermis and psoriatic
scale.
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TABLE I
The expression 2(P — — P2), calcu-
lated for each amino acid, was used to test for
significant differences between amino acids for
the protein fractions of normal epidermis and
psoriatic scale.* P is the average of the two
psoriatic samples, P1 and P2 . N is equal to N
as the normal epidermis reflects a pooled sample.
The computed quantity is to be compared with
the tabulated values of the t-distribution with 1
degree of freedom. For a result to be signifi-
*The authors are indebted to Dr. Marvin Zelen
and Mr. Hugh Pettigrew, Experimental Statistics
Section, National Cancer Institute, National Insti-
tutes of Health, for the assistance in the statistical
analysis of the data.
cant at p  0.05, the computed expression for
each amino acid must exceed 12.7, and for
significance at p 0.10, 6.31. The differences
significant at the 0.05 level in the pH 5.5 frac-
tion are proline and phenylalanine and in the
pH 5.0 fraction glycine and phenylalanine.
The comparison between the amino acid com-
position of different pH fractions of similar
tissues was made. Differences consistantly sig-
nificant at the 0.05 level are given in Table II
and indicate that for the different pH protein
fractions a pattern of increasing or decreasing
amino acid composition with pH fraction can
be demonstrated both for normal and abnormal
Amino acid composition of epidermal protein fractions
(in grams per 100 grams of protein)
Fraction 5.5 Fraction 5.0 Fraction 4.5
Amino Acid
Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
3- Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Analysis of single
sample
P1
7.55
2.04
1.48
8.87
11.42
4.87
6.34
18.70
3.17
6.92
5.72
(1.06)
6.00
2.60
5.62
11.43
4.99
5.19
Np
7.04
2.12
1.69
8.89
12.35
4.65
7.96
19.10
2.68
8.92
5.31
0.11
5,31
2.29
5.45
11.23
4.69
5.74
2
P2
7.76
2.52
1.73
10.25
(14.27)
(5.32)
6.03
18.55
3.12
6.40
5.84
0.10
5.84
(1.03)
5.53
12.48
5.24
5.11
2
Np
6.86
1.86
1.77
8.77
13.58
4.64
7.68
21.07
2.41
8.68
5.33
0.31
5.23
2.35
5.75
12.07
3.94
5.14
2
P1
7.04"
1.93"
1.42
7.16"
11.66
4.86
6.04
17.44
2.67
5.21
5.11
(1.21)'
5.39
2.61
5.02
10.87
4.33
4.09
4
P2
7.96
2.17
1.60
9.80
13.59
4.78"
5.70"
22.04
2.04
5.45"
5.93
0.08
5.28
(1.67)
5.57
13.26
5.15
4.16
2
Np
7.10
1.42
1.91
8.20
15.05
4.75
7.05
24.11
1.94
6.37
5.39
0.11
4.46
2.14
5.69
12.43
4.84
3.40
2
p1
7.10
(2.27)
1.33b
6.79
12.95
5.25
6.28
22.21
2.96
5.05
5.51
0.06
5.67
2.97b
5.58
11.79
4.50
4.06
3
d.f.
14
11
11
14
11
11
12
12
12
12
12
7
12
10
13
13
12
13
p2
7.31'
2.00
1.Slb
8.50
14.27
5.12
5.16
24.47
2.05
4.72
5.80
0.09
5.34
3.51
5.54
12.99
4.73
3.86
1
Sp*
.48
.07
.12
.25
.26
.09
.12
.33
.09
.09
.12
.02
.11
.17
.12
.14
.15
.15
Except as noted: = single analysis; b = duplicate analysis; = triplicate analysis.
terms unused in calculation of pooled estimate of variance because the within sample variance
were not comparable.
Sp* = V'pooled estimate of variance. These values represent the standard deviation of a single
measurement where the uncertainty refers to the within laboratory variability, i.e. the agreement of
repeat measurements made on the same sample in the same laboratory. The quantity was calculated by
pooling the individual estimates of the standard deviations obtained from pH fractions of different
tissues, as it was found that the internal precision was not a function of pH and tissue over the range
of measurements made in these experiments (29). The standard deviation of the means is obtained by
s.d. = Spin, where n = number of sample constituting the mean.
d.f. = degrees of freedom.
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tissue. This table also indicates that the protein
fractions of lower pH have consistently and
significantly lower contents of arginine, proline,
glycine, valine, and phenylalanine and higher
contents of glutamic acid and leucine.
DISCUSSION
The amino acid composition of epidermal
proteins have been previously determined by
many investigators (15—22). However, the
majority of these investigators used as their
analytical material the total epidermis or a
specific end product of the epidermis, e.g.
stratum corneum or callus. These analyses were
usually gross, using all the material in the cell,
and did not distinguish between the major
proteins synthesized and other proteins present
in the epidermis.
The protein fractions used in this work rep-
resent the major proteins of the epidermis.
Matoltsy (23, 24) found that a major protein
complex, insoluble under physiological condi-
tions, constituted about 55—70% of the epi-
dermis. By solubilizing this protein complex
and separating the constituent proteins on the
basis of their charge, Carruthers and coworkers
(25, 26) were further able to demonstrate the
identity of these proteins by both electrophoresis
and analytical ultracentrifuge technics.
As can be seen from Table 2, differences
significant at the 0.05 level exist between the
protein fractions separated on the basis of their
charge differences. As expected the lower pH
fractions show decreased amounts of the basic
amino acids and increased amounts of the
dicarboxylic acids. In addition, however, several
neutral amino acids are decreased in the pH
fraction 4.5, suggesting that in the pH 4.5 frac-
tion certain peptides containing neutral and
basic amino acid are absent, while those peptides
containing glutamic acid, aspartic acid and
leucine are present in proportionally increased
amounts.
The content of cystine in the protein fractions
examined indicate that in all instances the
cystine content is less than 1%. This may in-
dicate that the high cystine content classically
associated with "keratin" formation may not be
pertinent to fibrillar aggregation as it occurs
in the human epidermis.
Significant differences exist between the amino
acid composition of normal pooled epidermal
TABLE II
Significant increases or decreases* (P 0.05) in
specific amino acids of protein fractions of different
pH for normal and psoriatic epidermis
Amino Acid
Tissue
Np P1 P2
Arginine
Glutarnic acid
Proline
Glycine
Valine
Leucine
Phenylalanine
—
+
—
—
—
+
—
—
+
—
—
—
+
—
+
—
+
—
proteins (Nt) and the average of the values for
psoriatic proteins. The amino acid differences
between these tissues that are significant at the
0.05 level are proline and phenylalanine in the
pH fraction 5.5 and glycine and phenylalanine
in the pH fraction 5.0. Also of interest are the
differences significant at the 0.10 level, which for
fraction 5.5 are serine, glycine and valine; for
the fraction 5.0, serine; and for fraction 4.5
threonine, glycine and valine.
As is evident from the expression used to test
for significance, when the difference between the
amino acid composition of the individual protein
fractions obtained from psoriatic scale large as
compared to the difference between P and N,
there is no significant difference between normal
and psoriatic. This large difference between
the amino acid composition of psoriatic scale
may reflect the individual differences between
psoriatic patients. The possibility also exists that
these differences may reflect technics used in
preparing the protein fractions. Therefore, a
real test of significance between the normal
epidermis and psoriatic scale samples may not
have been made.
When N and P are compared the number of
amino acids significantly different at the 0.05 and
0.10 levels suggest that the differences between
similar normal and abnormal protein fractions
may be due to a peptide or peptides rather than
to single amino acids. This interpretation is con-
sistent with previous findings that peptide
differences exist between similar pH fractions
obtained from normal and abnormal epidermis
* (—) = 4.5 fraction < 5.5 fraction; (+) = 5.5
fraction < 4.5 fraction.
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(12). The nature of these peptides and the
manner in which they influence normal aggrega-
tion occurring in keratinization is unknown. It
seems reasonable to relate these differences to
the accelerated keratinization process rather
than to propose any alteration due to genetic
determinants. It has been shown (27) that the
5.5 protein fraction obtained from callus by
alkali extraction is not completely stable in
alkali, but loses peptides in proportion to the
time in solution. The final amino acid composi-
tion may therefore depend in part on the
amounts and kinds of peptides so released.
Recent experiments indicate that the 5.5 frac-
tion solubilized under the conditions of the
present experiment from psoriatic scale has
greater stability than the same fraction from
normal epidermis (28). The nature of the aggre-
gation of protein during accelerated keratiniza-
tion might influence subsequent stability during
solubilization and isolation, hence alter the final
amino acid composition. It seems more likely
then, that the differences between normal and
psoriatic fractions found in this study may be
related to the type of peptide aggregation rather
than specific amino acid deletion or substitution.
5UMMARY
1. The amino acid composition of protein
fractions obtained from normal and psoriatic
epidermis were determined.
2. A number of differences were found be-
tween comparable normal epidermis and
psoriatic scale fractions which were significant
at the 0.05 and 0.10 levels.
3. These differences seem more likely to be
related to peptide differences in the protein frac-
tions resulting from an accelerated keratiniza-
tion process in the psoriatic tissue, than due to a
specific genetic alteration and single amino acid
substitution.
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